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IN THE CLAIMS: 

1. -3. (withdrawn) A metliod comprising: 

estimating a lengtli of a refractory period of a heart; and 
setting a parameter for delivery of extra-systolic stimulation to the heart based on 
the estimated length. 

2. (withdrawn) The method of claim 1 , wherein setting a parameter for delivery of 
extra-systolic stimulation comprises setting an extra-systolic interval. 

3. (withdrawn) The method of claim 2, wherein setting the extra-systolic interval 
based on the estimated length comprises adding an amount of time to the estimated 
length. 

4. (canceled) 

5. (currently amended) The method of claim 74, wherein determining whether the 
probe pulse captured the heart comprises: 

monitoring electrical activity within the heart; and 

detecting whether delivery of the probe pulse resulted in an evoked response. 

6. (currently amended) The method of claim 74, wherein determining whether the 
probe pulse captured the heart comprises: 

monitoring an intracardiac pressure; and 

determining whether the probe pulse captured the heart based on a rate of 

change of the intracardiac pressure subsequent to delivery of the probe 
pulse. 
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7. (currently amended) 44^e-fnem9^l-0^-ste^^ A method comprising: 
estimating a length of a refractory period of a heart; and 
\ o ^ dehvery of extra-systolic stimulation to the heart based on 

\ ^ \ y^'^^^'.^^yjl^jj odpHhe heart, wherein es^m 



d,§l,ly§rlDO,j,,,,oiQ,l??i,j,yl,§§,JoJ,b§,,,,b§i !,ol§,o^il,,,,ifl§,r,,,,d§l§,^li,,QO,,,,M,,lb,g,,,sys 

depolarization that is less than an extra-svstoNc intervai: 

determining whether the probe pulse captured the heart: and 
estimating the ^ ^ o ^ ^ ^ .^'^ v.o iO:tb.^■^^ ^ n ^ ^ n ^ ^ n ^ 
wherein delivering a probe pulse comprises delivering a probe pulse every N 
cardiac cycles, N being an integer greater than one, the method further comprising 
delivering an extra-systolic pulse atihe expinitQOM extra-systolic interval after 
detection of a systolic depolarization of the heart during cardiac cycles in which a probe 
pulse is not delivered. 

8. (currently amended) n ^ n ^ -"^ )risinq: 



of the refractory period comprises: 

detecting a systolic depolarization of the heart; 

deliverino a orobe pulse to the heart an interval after detection of the systolic 



■'^ " \ " V ^ \ ^.0 \ -v.d on the determination 

wherein delivering a probe pulse comprises: 

delivering a first probe pulse a first interval after detection of a first systolic 
depolarization of a first cardiac cycle; 
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delivering a second probe pulse a second interval after detection of a second 
systolic depolarization of a second cardiac cycle; and 

determining that the first probe pulse captured the heart and the second probe 
pulse did not capture the heart, and 

wherein estimating the length of the refractory period comprises estimating the 
length of the refractory period as a value between the first and second intervals. 

9. (currently amended) The method of claim 74, further comprising: 
determining that the probe pulse captured the heart; and 
decreasing the interval for delivery of a subsequent probe pulse. 

1 0. (original) The method of claim 9, further comprising: 

determining that the subsequently delivered probe pulse captured the heart; and 
delivering a probe pulse every cardiac cycle until one of the delivered probe pulses 
does not capture the heart in response to the determination, each probe pulse delivered 
an interval after detection of a systolic depolarization of the heart that is less than a 
previous probe pulse. 

11 . (currently amended) The method of claim 74, further comprising: 
determining that the probe pulse did not capture the heart; and 
increasing the interval for delivery of a subsequent probe pulse. 

1 2. (original) The method of claim 1 1 , further comprising: 

determining that the subsequently delivered probe pulse did not capture the heart; and 
delivering a probe pulse every cardiac cycle until one of the delivered probe pulses 
captures the heart in response to the determination, each probe pulse delivered an 
interval after detection of a systolic depolarization of the heart that is greater than a 
previous probe pulse. 
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1 3. (withdrawn) A medical device comprising: 
electrodes; and 

a processor to control delivery of extra-systolic stimulation to a heart of a patient 
via the electrodes as a function of a parameter, wherein the processor estimates a 
length of a refractory period of the heart, and sets a value for the parameter based on 
the estimated length. 

14. (withdrawn) The medical device of claim 13, wherein the parameter is an extra- 
systolic interval. 

15. (withdrawn) The medical device of claim 14, wherein the processor sets the 
value for the extra-systolic interval by adding an amount of time to the estimated length 
of the refractory period. 

16. (canceled) 

1 7. (currently amended) The medical device of claim .194€, wherein the processor 
monitors electrical activity within the heart via the electrodes, determines whether 
delivery of the probe pulse resulted in an evoked response based on the electrical 
activity to determine whether the probe pulse captured the heart. 

1 8. (currently amended) The medical device of claim 194€, further comprising a 
pressure sensor, wherein the processor monitors an intracardiac pressure via the 

pressure sensor, and determines whether the probe pulse captured the heart based on 
a rate of change of the intracardiac pressure subsequent to delivery of the probe pulse. 

19. (currently amended) -Tlie -m8di€aj-4evlGe-Qf ■Qjajffi-4-6-,- -A med ica i device 
comprising: 

electrodes: and 
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a processor to control doisvory of extra-systolic stimulation to a heart of a patient 

via the pipctrod es as a functio n of a parameter, wherein the processor estif \'\^-^ 



^ \,;" r-^- \-o \ ' 0 0-1 of the heart, and sets a value for the parameter based on 




id3D,,,,§,0,,,,§Mli:§y§|Q,j,l§,,,,iOM,0<[il,^ 

and estimates the length of the refractory period based on the determination. 
wherein the processor controls delivery of a probe pulse every N cardiac cycles, N 
being an integer greater than one, and controls delivery of an extra-systolic pulse^ 
wherein t'^c .^\. .^\-^ ^ , . ^se is delivered at the expiration of the extra-systolic 
interval after detection of a systolic depolarization of the heart during cardiac cycles in 
which a probe pulse is not delivered. 

20. (currently amended) The medical device of claim 1&4€, wherein the processor 
controls delivery of a first probe pulse a first interval after detection of a first systolic 
depolarization of a first cardiac cycle and a second probe pulse a second interval after a 
second systolic depolarization of a second cardiac cycle, determines that the first probe 
pulse captured the heart and the second probe pulse did not capture the heart, and 
estimates the length of the refractory period as a value between the first and second 
intervals. 

21 . (currently amended) The medical device of claim 194%, wherein the processor 
determines that the probe pulse captured the heart, and decreases the interval for 
delivery of a subsequent probe pulse. 

22. (original) The medical device of claim 21 , wherein the processor determines that 
the subsequently delivered probe pulse captured the heart, and controls delivery of a 
probe pulse every cardiac cycle until one of the delivered probe pulses does not capture 
the heart in response to the determination, each probe pulse delivered an interval after 
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detection of a systolic depolarization of the heart that is less than a previous probe 
pulse. 

23. (currently amended) The medical device of claim 194€, wherein the processor 
determines that the probe pulse did not capture the heart, and increases the interval for 
delivery of a subsequent probe pulse. 

24. (original) The medical device of claim 23, wherein the processor determines that 
the subsequently delivered probe pulse did not capture the heart, and controls delivery 
of a probe pulse every cardiac cycle until one of the delivered probe pulses captures the 
heart in response to the determination, each probe pulse delivered an interval after 
detection of a systolic depolarization of the heart that is greater than a previous probe 
pulse. 

25. (withdrawn) The medical device of claim 13, wherein the medical device is 
implantable within the patient. 

26. (withdrawn) The medical device of claim 13, wherein the medical device is a 
pacemaker. 

27. (withdrawn) A computer-readable medium comprising instructions that cause a 
programmable processor to: 

estimate a length of a refractory period of a heart; and 

set a parameter for delivery of extra-systolic stimulation to the heart based on the 

estimated length. 

28. (withdrawn) The computer-readable medium of claim 27, wherein the parameter 
comprises an extra-systolic interval. 



29. (canceled) 
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30. (currently amended) 444e~^f^^m4^*v4ef-^ea^fele^ft^^ 
rparjahie rr^eciiu m comprising instructions that cause a programmable processor to: 
^ V ^ '•efractory period of a heart; and 




refractory period comprise instructions that cause a programmable processor to: 



detect a svstoiic depolarization of the heart: 

control delivery of a probe pulse to the heart an interval after detection of the 
svstoiic depolarization that is lesi> t \ ^^^^ .A . \--^ , 

determine whether f-y r ---r ^ , . .-o . ar^i 

wherein the instructions that cause a programmable processor to control delivery of a 
probe pulses comprise instructions that cause a programmable processor to control 
delivery of a first probe pulse a first interval after detection of a first systolic 
depolarization of a first cardiac cycle and a second probe pulse a second interval after 
detection of a second systolic depolarization of a second cardiac cycle, 
the medium further comprising instructions that cause a programmable processor to 
determine that the first probe pulse captured the heart and the second probe pulse did 
not capture the heart, and 

wherein the instructions that cause a programmable processor to estimate the length of 
the refractory period comprise instructions that cause a programmable processor to 
estimate the length of the refractory period as a value between the first and second 
intervals. 

31 . (currently amended) The computer-readable medium of claim 30^. further 

comprising instructions that cause a programmable processor to: 
determine that the probe pulse captured the heart; and 
decrease the interval for delivery of a subsequent probe pulse. 
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32. (original) The computer-readable medium of claim 31 , further comprising 
instructions that cause a programmable processor to: 

determine that the subsequently delivered probe pulse captured the heart; and 
control delivery of a probe pulse every cardiac cycle until one of the delivered 
probe pulses does not capture the heart in response to the determination, 
each probe pulse delivered an interval after detection of a systolic 
depolarization of the heart that is less than a previous probe pulse. 

33. (currently amended) The computer-readable medium of claim 3039, further 
comprising instructions that cause a programmable processor to: 

determine that the probe pulse did not capture the heart; and 
increase the interval for delivery of a subsequent probe pulse. 

34. (original) The computer-readable medium of claim 33, further comprising 
instructions that cause a programmable processor to: 

determine that the subsequently delivered probe pulse did not capture the heart; 
and 

control delivery of a probe pulse every cardiac cycle until one of the delivered 
probe pulses captures the heart in response to the determination, each 
probe pulse delivered an interval after detection of a systolic 
depolarization of the heart that is greater than a previous probe pulse. 

35. -60. (canceled) 

a^i^fi§^r^&f&m^^^Q^^4^wBPf^^s^^m'SY^l'\o s timuiati on to the heart based 
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62. (original) The method of claim 61 , ^^^^efm^^p^B^-B-^am^^i^^-^PfijmBeB 
ad-|u^&t4R§-an--ex-tf-a~syst0fe4Rlep/-al. 

63. (original) The method of claim 62, w[we4n4hepulse-4sa--pf0be-f}Lslse-rth 

d6(iver4f^4he-pfQb6i&yl6e-afHntefva]-al^^ 

depoi a rization, the interval less than the extra systolic intefyal. 

64. (currently amended) The method of c l a i m 63. A method comprising: 

~c ^ ^tweP'H dehve-v ^ v *r r "^c art and detection of an 

\ V. o X :: \ 0 o ve.yN. v.x 0 > o.v. o.n: ^ ulalion to the heart based 
on the delay. 

wherein adjusting a parameter comprises adjusting an extra-systolic interval, 
^•^ " ''^'^ ? P^^^^ pu^se . and 

whero 



dei,^f^ ^ ^t o ;>^ 

wherein adjusting the extra-systolic interval comprises: 
comparing the delay to a threshold value; and 
adjusting the extra-systolic interval based on the comparison. 

65. (currently amended) v o ^ . x ^ v ^ 

III§asurir\ \ \ ^ \ v-v^ ^*'nb've o n heai aid detection of an 

evoked respons i^ v^^^v. o >^v" xt^ry of the pulse; and 

adjusting a ;^j.3,:iel^, ros aeLv&r^ of extra-systojic stimulation to the heart based 
on the delay. 

wherein adjusting a parameter comprises adjusting an extra-systojic interval, 



^ ^ ihe systoNc 
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vxskscisi isiv puLnC prolv pulse, and 
wherein the method further comprises: 

- ' " - -^v^polsrization of the heart; and 

wherein delivering the probe pulse comprises delivering a probe pulse every N cardiac 
cycles, N being an integer greater than one, the method further comprising delivering 
extra-systolic pulses the extra-systolic interval after detection of systolic depolarizations 
of the heart during cardiac cycles in which a probe pulse is not delivered. 

66 (currently amended) "^he wethoc* rl?4m ^-"^ a-^^^K^s.^ prising: 

>r i and detection of an 

eyo s. ^ V o 

adjusting a parameter for delivery of extra-systolic stimulation to the heart based 
on the delay, 

„ , , a , oara meter , composes jdjusti,og„„30,jxtra^^ 
s -\ ■ and 



depo!arjmtiQn...the.J.nterval^ 

wherein delivering the probe pulse comprises: 

delivering a first probe pulse of a pair a first interval after detection of a systolic 

depolarization of a first cardiac cycle; and 
delivering a second probe pulse of the pair a second interval after detection of a 

systolic depolarization of a second cardiac cycle, 
wherein the second interval is greater than the first interval, and the first and 

second intervals are less than the extra-systolic interval, 
wherein measuring a delay between delivery of the probe pulse and detection of 

the evoked response comprises measuring a first delay subsequent to 
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delivery of the first probe pulse and a second delay subsequent to delivery 

of the second probe pulse, and 
wherein adjusting the extra-systolic interval comprises adjusting the extra-systolic 
interval based on the first and second delays. 

67. (original) The nnethod of claim 66, wherein adjusting the extra-systolic interval 
comprises: 

determining that the second delay is longer than the first delay; and 
increasing the extra-systolic interval in response to the determination. 

68. (original) The method of claim 66, wherein adjusting the extra-systolic interval 
comprises: 

determining that the first and second delays are substantially equal; and 
decreasing the extra-systolic interval in response to the determination. 

69. (original) The method of claim 66, wherein adjusting the extra-systolic interval 
comprises: 

determining that the first delay is greater than the second delay; and 
maintaining the extra-systolic interval at a current value in response to the 
determination. 

70. (currently amended) A-ffl€d4Gal-^ev}G0€@mftriSfflg-; 
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71 . (currently amended) The medical device of claim 70, wher e in th e param ete r 

72. (currently amended) The medical device of claim 71 , •■wheF&in-4he -pulse-4s a 

73. (currently amended) Tj^ffledjcal^eviGe-Q-f-Glajm-T^rA medical device 
comprising: 

e|ectfodeg : and 

measures a delay between delivery of a pulse to the heart and detection of an evoked 
response resulting from delivery of the pulse, and adjusts a parameter for delivery of 
ex:[a yv<^o"'''c <^t'';^^'^ based on the delay. 



^T>lar!zaK ^ 

the ^c^rt an 



the.extra.-sy.stolic.lnt 

wherein the processor compares the delay to a threshold value, and adjusts the extra- 
systolic interval based on the comparison. 

74. (currently amended) T-he-«^jealA)^VKt- t u^in> ^ v„>"^ C,^ 

£01 

\ w o os; and 

^-^ ^\ojjS3or to control delivery of pulses and extra-systolic stimulation to a heart 

of a patient and detect evoked responses via the electrodes, wherein the processor 
measures a delay between delivery of a pulse to the heart and detection of an evoked 
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response resu'ii-iv^ i'-->'^i the pulse, and adjusts a parameter for delivery of 

pxtrR-svstohc ptimuhtion to the heart based on the delay. 

^ ^ v\ 0 or comprises an extra-systolic intervai. 

idg,,,§xtra:SYStgijc,„jote,r^^^^ 

wherein the processor controls delivery of a probe pulse every N cardiac cycles, N 
being an integer greater than one, and controls delivery of extra-systolic pulses, wherein 
the exr." ^^\"^' ^ . ^o -^^ --o xsr'-v^i .-^t ihe expiration of the extra -systolic interval after 
detection of systolic depolarizations during cardiac cycles in which a probe pulse is not 
delivered. 



75. (currently amended) Tj^--FR8dj€aj--devlGe--Gf--Giajm--7-2T^ medicai device 
comDrisjng: 

electrodes: and 



931 



extra-systolic stimulation to the heart based on the delay, 
wherein thej garam 

wherein the pulse is a orobe pulse, and the processor detects a svsto'T 



wherein the processor controls delivery of a first probe pulse of a pair a first interval 
after detection of a systolic depolarization of a first cardiac cycle, and controls delivery 
of a second probe pulse of the pair a second interval after a systolic depolarization of a 
second cardiac cycle. 



Application No. 10/680,528 
Art Unit: 3766 
Page 17 of 22 

wherein the second interval is greater than the first interval, and the first and second 
intervals are less than the extra-systolic interval, and 

wherein the processor measures a first delay subsequent to delivery of the first probe 
pulse and a second delay subsequent to delivery of the second probe pulse, and 
adjusts the extra-systolic interval based on the first and second delays. 

76. (original) The medical device of claim 75, wherein the processor determines that 
the second delay is longer than the first delay, and increases the extra-systolic interval 
in response to the determination. 

77. (original) The medical device of claim 75, wherein the processor determines that 
the first and second delays are substantially equal, and decreases the extra-systolic 
interval in response to the determination. 

78. (original) The medical device of claim 75, wherein the processor determines that 
the first delay is greater than the second delay, and maintains the extra-systolic interval 
at a current value in response to the determination. 

79. (currently amended) The medical device of claim 7470, wherein the medical 
device is implantable within the patient. 

80. (currently amended) The medical device of claim 74^. wherein the medical 
device is a pacemaker. 

81. -83. (canceled) 

84. (currently amended) The computer-readable medium of claim 85§3, wherein the 
instructions that cause a programmable processor to adjust the extra-systolic interval 
comprise instructions that cause a programmable processor to: 
compare the delay to a threshold value; and 
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adjust the extra-systolic interval based on the comparison. 

85. (currently amended) The (X)mputer readab}e-med4WR-o^-eiaifR-8^ A computer- 
^ ' ^ " '''-^ .Wc^'--^^^. X-'' "^.'Die processor to: 

V. ^ V V. ^ V V. V o ^ " ^ oiQ detection of an 

adjuM,,i,,£iri,0],§l§lior,,,d§i!,y§,[^^ b„§§,rt„^^sed,on 

the delay. 

wherein the pulse is a probe pulse, and wherein the medium further comprises 
instructions t ' ^ '-grammable processor to: 

dftco' - o " \ ^ Rnzation of f^e '"er"t "^x 

-V \^ ^ ^ \ " \ ^ V ^ . ^ ^ - V > o n of the 

sysio..c g ^j^Lyh^. j^A^i^. J.^ o ..\-'^ 

wherein th e parameter comprises an extra-systolic interval, and 
wherein the instructions that cause a programmable processor to control delivery of the 
probe pulse comprise instructions that cause a programmable processor to control 
delivery of a probe pulse every N cardiac cycles, N being an integer greater than one, 
the medium further comprising instructions that cause a programmable processor to 
control delivery of extra-systolic pulses t ..^ ^ the extra-systolic interval 

after detection of systolic depolarizations of the heart during cardiac cycles in which a 
probe pulse is not delivered. 

86. (currently amended) The computer-readable medium of claim 

wherein the instructions that cause a programmable processor to control delivery of the 
probe pulse comprise instructions that cause a programmable processor to: 

control delivery of a first probe pulse of a pair a first interval after detection of a 

systolic depolarization of a first cardiac cycle; and 
control delivery of a second probe pulse of the pair a second interval after a 
systolic depolarization of a second cardiac cycle, 
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wherein the second interval is greater than the first interval, and the first and 
second intervals are less than the extra-systolic interval, 

wherein the instructions that cause a programmable processor to measure a 
delay between delivery of the probe pulse and detection of the evoked 
response comprise instructions that cause a programmable processor to 
measure a first delay subsequent to delivery of the first probe pulse and a 
second delay subsequent to delivery of the second probe pulse, and 

wherein the instructions that cause a programmable processor to adjust the 
extra-systolic interval comprise instructions that cause a programmable 
processor to adjust the extra-systolic interval based on the first and 
second delays. 

87. (original) The computer-readable medium of claim 86, wherein the instructions 
that cause a programmable processor to adjust the extra-systolic interval comprise 
instructions that cause a programmable processor to: 

determine that the second delay is longer than the first delay; and 
increase the extra-systolic interval in response to the determination. 

88. (original) The computer-readable medium of claim 86, wherein the instructions 
that cause a programmable processor to adjust the extra-systolic interval comprise 
instructions that cause a programmable processor to: 

determine that the first and second delays are substantially equal; and 
decrease the extra-systolic interval in response to the determination. 

89. (original) The computer-readable medium of claim 86, wherein the instructions 
that cause a programmable processor to adjust the extra-systolic interval comprise 
instructions that cause a programmable processor to: 

determine that the first delay is greater than the second delay; and 
maintain the extra-systolic interval at a current value in response to the 
determination. 
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90.-120. (canceled) 



